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Abstract. An isotopic dilution gas chromatography - mass spectrometric (ID-GC/MS) 
techniques was used for amino acids determination in sausage meat. The stable isotope internal 
standard used was 15N-Methionine. A Trace DSQ ThermoFinnigan quadrupole mass spectrometer 
coupled with a Trace GC was used. Amino acids were separated on a Rtx-5MS capillary column, 30 m 
x 0.25 mm, 0.25µm film thickness, using a temperature program from 50oC, 1 min, 6oC/min at 100oC, 
4oC/min at 200oC, 20oC/min at 300oC, (3min). The transfer line temperature was 250oC, the injector 
temperature 200oC and ion source temperature 250oC; splitter: 10:1. Electron energy was 70eV and 
emission current, 100µA.  
The amino acids were purified on a Dowex 50W-W8 exchange resin and were derivatized in a 
procedure following two steps to obtain trifluoroacetyl butyl esters. The identification of amino acids 
was obtained by using NIST library but also by using amino acid standards. Concentrations of amino 
acids was determined by using matrix calculation for methionine quantitation  
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INTRODUCTION 
 
Gas chromatography coupled with mass spectrometry (GC-MS) is largely used for the 
quantitative analyses of the organic compounds from biological fluids (Culea et al., 2008, 
1995, 1987; Hodisan et al., 1998). Recent papers investigate the amino acids levels in 
different biological fluids, plant extracts or food products (Iordache et al., 2009; Kaspar et al. 
2008; Jin et al., 2007; Hermanussen et al., 2010).  
The influence of fermentation process on amino acids level in sausages is of large 
interest in the recent literature. The addition of nitrite and nitrate affects aroma generation of 
dry fermented sausages and depends greatly upon the fermentation process (Marco et al., 
2006). A recent study showed that that Lactobacillus fermentum has the potential to substitute 
for nitrite in the sausage production (Zang et al., 2007). 
The aim of this article was to develop a isotopic dilution gas chromatography - mass 
spectrometric (ID-GC/MS) techniques was used for amino acids determination in sausage 
meat. 
 
MATERIALS AND METHODS 
 
 Chemicals and samples 
Acetyl chloride and ion exchange resin Dowex 50W-X8 50–100 mesh were purchased 
from Fluka, while acetone and trifluoroacetic anhydride were obtained from Merck 
(Darmstadt, Germany). Amino acids standards were purchased from Sigma. [15N]-
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methionone (99%) was produced by chemical synthesis. All the other chemicals were from 
Comchim (Bucharest).  
 
Extraction procedure and derivatization of amino acids 
One gram of the defrosted meat with 1 g of fine quartz sand were thoroughly ground 
in a thick ceramic dish and homogenized with 5 ml distilled water. After centrifugation for 5 
min, 0.5 ml of the supernatant was passed slowly through a Dowex 50W-W8 exchange resin, 
on a 2 x 40 mm column and eluted with 4M NH4OH.  
A two-step derivatization procedure was applied: esterification with butanol-acetyl 
chloride (4:1 v/v) for 1h at 110oC and trifluoroacetylation with 200 µl trifluoroacetic 
anhydride at 60oC for 30 min. 
 
Instrumentation 
A Trace DSQ ThermoFinnigan quadrupole mass spectrometer in the EI mode coupled 
with a Trace GC was used. The capillary column Rtx-5MS had 30 m in length, 0.25 mm as 
diameter and a film thickness of 0.25µm.  
The qualitative analysis was carried out in the 50-500 a.m.u. mass range. The 
following conditions were ensured: transfer line temperature 250oC, injector temperature 
200oC, ion source temperature 250oC, splitter 10:1, electron energy 70eV and emission 
current 100µA. 
 
RESULTS AND DISCUSSION 
 
Theoretical 
Methionine was determined by isotopic dilution (ID). 20 µg of 15N-Met was added 
before extraction to 1ml of each sample extract. By selecting the specific ions m/z 171 and 
172 from the mass spectrum of methionine (Met) and respectively of labeled methionine, Met 
could be determined by using regression curve calculation or by matrix calculation.  
The other amino acids were calculated according with the internal standard quantity 
and by using the response factors (for detector response correction) or the regression curves 
obtained by repetitive injections into GC/MS of the standard mixture containing known 
quantity of each amino acid.  
The response factors were calculated from standard samples with the relation: 
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The amino acid calculations in biological samples were performed following the 
formula: 
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where: 
Ci (or mi) is the quantity corresponding to the compound i;  
mj is the internal standard quantity added before sample preparation;  
Ai and Aj are the peak areas of the compounds i and respectively j;  
Fi and Fj are the response factors for compound i and respectively j (the internal 
standard) calculated by using standards. 
Also, the amino acid levels in plasma were calculated by using the regression curve of 
each amino acid using as internal standard 15N-Met. 
Isotopic deconvolutions 
The use of the isotopic labelled analogue of the analyte (the AA of interest) as internal 
standard and the presence of the analyte (tracer) with their natural isotopic abundance in 
plasma necessitate careful correction of the mass spectrum, to deconvolute the information of 
interest. Fractional isotopic abundances for natural methionine and isotopomer were 
calculated from experimentally measured isotopic ratios and synthetic isotopic ratios in the 
case when the isotopomer needed was missing. The set of simultaneous linear equations each 
describing the isotopic contributors had to be solved having the general form: 
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where: 
Ix represents the relative ion abundance for the xth ion;  
Xj represents the unknown fractional abundance.  
The relative abundance of the contributors (Ai) was calculated for the two ions 
expressing the simultaneous equations in matrix notations: 
 
I=AX  (4) 
 
The least squares solution of X can be obtained by using the inverse of A transpose: 
 
X=(ATA)-1ATI   (5) 
 
The method was validated by using amino acid standards. The elution order of the 
amino acids is presented in Fig.1: alanine (Ala), glicine (Gly), threonine (Thr), serine (Ser), 
valine (Val), leucine (Leu), isoleucine (Ile), proline (Pro), hydroxyproline (Hy-Pro), 
metionine (Met), aspartic acid (Asp), phenylalanine (Phe), glutamic acid (Glu), lysine (Lys), 
tyrosine(Tyr), histidine (His). The standards have followed the described extraction and 
derivatization procedure (n = 3). Precision gave lower value than 20% for R.S.D., except Arg, 
Cys and Tyr and sensitivity value lower than 10 ng of amino acid injected. All the samples 
followed the same extraction and derivatization steps. 
Fig.1 shows the separation of the amino acids from a fish plasma sample by using the 
method of analysis. 
Data presented in table 1 contain the changing in different amino acids after 4 weeks 
of storage (Jin et al., 2007). The separation profile of the amino acids in a beef meat in 
comparison with a sausage meat is presented in Fig. 2. (our results). 
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Fig.1. Amino acid separation chromatogram: Ala, Gly, Thr, Ser, Val, Leu, Ile, Pro, Hy-Pro, Met, Asp, Phe, Orn, 
Glu, Lys, Tyr, His, using a temperature program from 50oC, 1 min, 6oC/min la 100oC, 4oC/min la 200oC, 
20oC/min la 300oC, (3min). 
 
Tab. 1 
The content of different amino acids in sausage 
 
Amino acid (mg/g) 0 weeks storage 4 weeks storage 
Ala3 0.79 0.95 
Gly3 0.64 0.87 
Thr1,3 0.63 0.75 
Ser3 0.53 0.64 
Val1 0.91 1.07 
Leu1 1.44 1.39 
Ile1 0.86 0.99 
Pro 0.67 0.72 
Asp 1.41 1.59 
Phe1,4 0.54 0.70 
Glu2 2.41 2.79 
Lys1 1.22 1.55 
Tyr4 0.47 0.56 
His1 0.70 0.88 
Arg1 1.55 0.73 
total 13.96 16.61 
EAA 7.04 8.49 
FAA 2.41 2.79 
SAA 2.59 3.20 
FRAA 1.01 1.26 
Note: 1-essential amino acids (EAA); 2-flavor-related amino acids (FAA);  
3
-sacharinity-related AA(SAA); 4-fragrant-related amino acids(FRAA) 
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Fig. 2. Comparison of free amino acids separation chromatograms in a beef meat sample and a sausage mixture 
(beef, pork and grease) 
 
Our preliminary results showed that ID-GC-MS is a suitable method for quantitative 
determination of amino acids in different meat products. 
 
CONCLUSIONS 
 
The method is precise and useful in the analysis of amino acids from different 
biological media. The use of isotopic labelled internal standard permits precise determination 
of the amino acids and avoids the overlapping with different contaminants. Measurements 
performed on amino acids from meat and sausage meat showed that ID-GC-MS is a suitable 
method for quantitative determination of amino acids. The isotopic dilution method increases 
the precision of the method and simplifies the samples injection.  
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